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INTROTUCTION  s 

With  the  higher  operating  temperatures  that  will  he  encountered 
in  future  aircraft^  the  requirements  for  strength  and  oxidation 
resistance  at  temperature  will  eliminate  the  use  of  the  silver- 
base  brazing  alloys  in  sandwich  panel  construe tioHo  It  will  be 
neeesvjary  to  select  crazing  alloys  that  will  be  compatible  with 
the  base  metals  selected  for  use  at  the  desired  service  tem¬ 
peratures  » 

This  program  was  conducted  to  deternilns  what  brazing  alloys  have 
the  desirable  brazing  cnaracteristlcs  with  base  metals  for  use 
at  3er\ ice  temperatures  ranging  from  1000  to  I6OO  F.  As  all  the 
base-metal  memoera  used  in  the  construction  of  sandwicn  panels 
will  be  of  thin  gage  naterial^,  the  reactions  that  cake  place 
between  the  brazing  alloy  and  the  base  metal  will  te  of  prime 
Importance , 

SUMMARY  s 

Frelirainary  experiments  were  conducted  to  determine  the  general 
flow,  wetting,  and  fillet  foj'ming  characteristics  cf  20  brazing 
alloya  on  six  base-met il  ill'-y-:,  w.ith  oove  section^  ■’<£  17-7  FH 
i?ti  irilcis  ctecl  anu  M  252  -.iloy,  A'^dicional  te'stc  wars  con- 
(iu-cted  :;n  tno.oe  b:,'Sc  r,;ebal -bras lug  alloy  coublna felon  •  y'aat 
icolcs'i  pxroi-.i  ing  to  detor-'kn^  the_r  resistance  cv  ^alt—^'r?;.' 
corrojicn  on,-  lC5o  i  .detail  j'’.'rajhio  exa;'‘in-tion:-  were 

mala  to  actirnine  t'lC  ai.-'U.t  :f  all-',yiig  of  the  braz.t.a^’.  --lloy 
with  t'"o  ass-  icto  1  ana  tv^  extent  S  difi  of  ti  e  /.;r:.sing 

alloy  c  .'.■n ti t  ;.enfew  Litt  t'  e  '  iCe  rictalo  Irn'o  t' e  re.:.  J.lt.j>  of 
t-ils  wort,  the  cor;"i,n...tlO:i”.  a*.,  Oii’wd  to  have  tl'c  ..?t 

de.i.lrablc  pr'y^  erticc  were  to., ted  tc  dotorxlna  the  lap '■•..iiear 
strength  .at  r^’O.n  tovi  si’ature. 


The  re. ■■It;;  :i:  the  te;;t-;  CTjn’.'icte-l  Irid.'.-j.a  ted  tl.-at  the  .Loll  're.%^ 
brazing  rollo;,. -base  metal  'iV'inati.yn.y  tecrib  further  iavs.-itiga.bi-jn< 

FV;.;-e  .■■Retal  yrc^ziiiP  Alloy 
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OBJECT; 

The  object  of  this  investigation  was  to  study  the  brazing 
characteristics  of  some  structural  alloys,  known  to  possess  high 
strength  at  elevated  tempera ttire ,  when  Joined  with  various  brazing 
compositions.  A  mc'ln  purpose  was  to  determine  the  value  of  brazing 
alloys  recommended  for  service  at  nigh  temperatures.  Based  on 
the  results  obtained,  tne  ultimate  objective  was  to  select  those 
brazing  alloy-base  metal  combinations  which  appeai*ed  to  be  the 
most  promising  for  use  in  sandwich  panel  construction. 

DESCRIFTIOIT  OF  SPEC  HOIS: 

Six  base-netal  alloys  were  selected  for  use  in  this  Investigation. 
They  were;  k22  M,  FH  15-7  Udlmet  500,  Inconel  700,  M  252, 
and  GE  IblO  (?.ene  4l).  Typical  analyses  of  these  alloys  are 
given  in  Table  I. 

Twenty  brazing  alloys  were  investigated.  Two  were;  Vacuata-inelted 
nickel-manganese  and  04;^.  silver,  33>'^  palladium,  3%  manganese, 
both  of  waicn  were  fumisned  as  foil,  0.002"  thick.  Sixteen  of 
the  brazing  alloys  were  obtained  in  powder  form.  Tney  were: 

Coast  32,  59,  4271E,  and  132E;  Solabraz  M,  IXl  and  NXl;  General 
Electric  J  tlOO,  J  clOl,  J  til02,  J  &205,  J  b300,  and  J  0400; 

24‘^  palladium,  5b.2‘5  nickel,  cnroiuivm,  and  lOfo  silicon; 

and  OO^  palladium  and  40^  nickel.  Two  nickel-base  all;\v.a  were 
obtained  in  foil  fori':  made  by  impregnating  tne  brazing  alloy 
powder  wltn  an  organic  binder.  These  were;  Nlcrobraz  50  and 
an  unidentified  Coast  alloy. 

Speclnen-s  to  deterralne  the  comparative  wotting,  flow, and  fillet 
forming  ability  cf  the  rrazing  alloi's  were  made  by  wiring  a 
section  of  17-7  PR  stainless  steel  honeycomb  core  to  a  1"  x  2" 
piece  of  one  of  tt'ie  iiase  metals,  to  form  a  tee  as  shown  in  Figure 
1.  When  foil  of  M  232  was  aubseiB>.ently  obtained,  tnla  series  of 
experiments  was  repeated,  using  honeycomb  core  specimens  made 
in  the  laboratory  from  the  M  252  foil. 

Small  tee  specimens,  as  shown  in  Figure  2,  were  brazed  for 
metallographic  exa.mlnation  and  oxidation-resistance  tests. 

3peci'.iens  for  salt-sp-ray  exposure  tests  were  made  by  bruzing  a 
measured  quantity  of  brazing  alloy  onto  1"  x  2"  coupons  of  tr-e 
base  metals.  Specimens  for  fiheai’-strength  determinations  were 
made  as  shown  in  Figure  3»  Dii®  to  difficulties  encountered  in 
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machining  the  brazed  specimens  to  conform  to  the  tentative 
standard  of  the  American  Weldfng  Society,  as  shown  in  Figure  4, 
the  specimens  were  wet  ground  to  the  configuration  shown  in 
Figure  5. 

rRCCEDURE; 

The  six  base  metals  were  selected  on  the  basifi  of  their  avail¬ 
ability,  hiKh  temperature  strength,  ductility  in  the  annealed 
condition,  and  resistance  to  oxidation  and  corrosion.  Several 
of  these  alloys  had  a  light  surface  scale  when  received  and 
were  cleaned  by  vapor  blasting. 

All  specimens  were  brazed  in  a  tightly  covered  retort  in  a 
-IGO  F  dry  bulb  argon  atmosphere.  Brazing  was  performed  in  an 
electrically  heated  furnace.  Tne  temperature  was  controlled  by 
attaching  a  thierrriooouple  to  a  specimen  in  each  retort.  Brazing 
cycles  of  10  minutes  at  temperature  were  run  simulating  a 
prcCtlcable  production  brazing  cycle. 

Tee  specimens,  consisting  of  a  piece  of  base  metal  and  17-7  PH 
stainless  steel  honeycomb  core,  were  v/lred  together,  as  shown  in 
Flgiore  1.  A  measured  quantity  of  brazing  alloy  was  placed  in 
one  end  cell,  the  same  volumetric  quantity  being  used  for  all 
the  powdered  alloys.  T};e  foil  alloys  were  weighed  to  obtain 
the  same  approximate  q\iantlty  of  --azlng  alloy  as  was  used  with 
the  p'-wdered  alloys.  The  distance  flowed  at  the  interfaces  of 
the  core  and  the  base  netal  gave  an  indication  of  the  flow- 
ability  cf  the  brazing  alloys.  The  specimens  also  gave  an 
Indlcction  of  the  comparutive  wetting  and  fillet  forming  character¬ 
istics.  Gubssquently,  a  series  of  brazements  was  mads  with  all 
the  base-metal  alloya,  except  422  K,  using  honeycomb -core 
sect! "ns  made  in  the  laboratory  fr'm-;  H  252  foil.  Because  of 
toe  poor  wetting  and  flo'w  characteristics  shown  by  the  brazing 
alloys  an  all  the  base  luctals  except  422  W,  a  sodium  tetra¬ 
borate  flux  was  employed  in  the  scries  using  the  M  252  honey- 
cornb-core  material. 

Small  tee  specimens  were  brazed,  consisting  of  two  pieces  of  the 
base  metals  wired  together  as  shorn  in  Figure  2.  These  gave  an 
indication  of  the  brazing  qualities  of  the  brazing  alloys.  The 
brazed  specimens,  which  appeared  satisfactory,  v/ere  cut  in  two; 
one -half  was  used  for  metallographlc  examination  and  the  other 
half  was  subjected  to  a  100-hour  oxidation-exposure  test  at 
elevated  tempera tvire .  The  nickel-base  alloy  specimens  were 
exposed  in  a  furnace  at  1250  F,  and  the  iron-base  alloys  were 
exposed  in  a  fomacs  at  1000  F.  The  specimens  subjected  to 
oxidation  were  examined  bot)^  visually  and  metallographically 
for  indications  of  oxidation. 
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Corrosion  specimens  were  prepared  by  brazing  a  small  spot  of 
brazing  alloy  on  the  respective  base  metals.  These  were  sub¬ 
jected  to  a  250-hour  salt-spray  exposure  and  examined  for 
evidence  of  corrosion. 

Specimens  for  shear-strength  determinations  were  prepared  with 
a  gap  of  0.0015".  Reportedly,  a  near-zero  gap  gives  the  best 
ductility  when  brazing  with  the  nickel-base  brazing  alloys. 
However,  to  permit  flow  Into  the  Joints,  a  gap  of  0.0015''  was 
selected.  The  specimens  were  made  by  clamping  the  two  pieces 
In  plitco  while  separated  by  a  shim,  tack  welding  together,  re¬ 
moving:  the  shim,  and  brazing.  Machining  difficulties,  due  to 
the  work-hardening  characteristics  of  the  base  metals,  caused 
breakage  of  many  of  the  brazed  specimens.  This  breakage  was 
reduced  by  grinding  the  slots  with  a  wet  abrasive  wheel  to  the 
configuration  shown  In  Figure  5. 

All  the  lap-shear  specimens  were  tested  in  a  5>000  lb.  Baldwin 
universal  testing  machine.  The  specimens  were  tested  by  loading 
the  brazed  area  at  the  rate  of  696O  psl  per  minute. 

RESULTS ; 

Tables  II  through  VII  give  the  brazing  characteristics  of  the 
six  base  metals  when  brazed  with  18  of  the  high- temperature 
brazing  alloys.  Acceptable  brazes  could  not  be  obtained  with 
the  two  alloys  impi'egnated  with  an  organic  binder,  viz,,  Nlcro- 
braz  50  and  the  unidentified  Coast  alloy.  Also,  shown  In  the 
Tables,  are  the  generally  Improved  brazing  characteristics  re¬ 
sulting  from  the  use  of  a  sodium  tetraborate  flux.  The  Tables 
also  give  the  results  of  the  250-hour  salt-spray  corrosion 
tests,  metallographic  observations,  and  the  results  of  attempts 
to  braze  the  lap-shear  specimens.  It  was  found  that  all  the 
brazing  alloys  which  would  braze  with  the  base  metals  exhibited 
as  good  or  better  oxidation  resistance  than  the  base  metals  at 
the  exposure  temperatures  involved.  These  were  1250  P  for 
Udimet  500,  Inconel  700,  M  252,  and  GS  I6IO,  and  1000  F  for 
422  M  and  PH  15-7  Mo. 

Tables  VIII  through  X  give  the  shear-strength  values  of  the 
most  promising  brazing  alloys  selected  for  each  of  the  six 
base  metals. 

Figures  6  through  9  are  photomicrographs  of  the  Joints  made  with 
brazing  alloys  which  gave  the  best  results.  Figures  10  through 
12  show  three  which  yielded  poor  results,  but  metallographlcally 
appear  good.  These  should  be  further  investigated  with  different 
brazing  techniques. 
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DISCUSSION; 

The  metals  under  consideration  for  use  in  the  temperature  range 
1000  to  1600  P  fall  In  the  following  groups: 

The  iron-base  martensitic  alloys,  containing  chromium  as  the 
chief  alloying  addition  In  qiiantlties  to  approximately  15J^i 
have  useful  strength  values  to  about  1000  F.  Representative 
are  422M,  Vasco Jet  1000,  Greek  Ascoloy,  and  15-7  Mo. 

The  nickel-base  alloys,  alloyed  chiefly  with  chromium  to 
approximately  25^  have  outstanding  strength  values  to  as  high 
as  1600  Po  The  superior  strength  values  exhibited  by  some 
members  of  thlc^  group  of  alloys  In  the  I5OO  to  I600  F  range  Is 
attributed  to  the  presence  of  a  gamma  prime  phase,  NIq  (a1,  Ti), 
in  addition  to  a  solid-solution  strenghtener  with  a  low  diffusion 
rate,  such  as  molybdenum  or  tungsten.  Representative  of  the 
group  are  GE  I610  (Rene  41),  M  252,  Udimet  500,  Inconel  700  and 
R  235.  The  cobait-base  alloys,  with  nickel  and  chromium  as  the 
chief  alloying  additions,  have  been  superseded  In  favor  by  the 
nickel-base  alloys  due  to  the  lack  of  an  effective  precipitation 
hardening  system. 

Judicious  alloy  additions  and  vacuum  melting  have  extended  the 
useful  temperature  range  for  some  alloys  in  the  above  groups 
by  as  much  as  100  F. 

The  primary  effort  of  this  investigation  was  directed  toward 
the  brazing  qualities  of  the  nickel-base  parent  alloys.  Those 
selected  were  GE  l6l0^  M  252,  Udimet  500,  and  Inconel  700, 

Seme  work  was  al-^o  done  on  422  M,  of  the  iron-base  martensitic 
group,  and  PH  15-7  Mo,  a  new  precipitation  hardening  stainless 
steel  having  improved  creep  and  stress  rupture  characteristics 
over  the  17-7  PH  stainless  steel  now  in  use.  Typical  com¬ 
positions  of  the  six  alloys  investigated  are  given  In  Table  I, 

IWenty  brazing  alleys  were  selected  for  use  in  this  Investi¬ 
gation,  chiefly  upon  the  recommendations  of  the  various  brazing 
alloy  manufactuirers.  With  the  exception  of  three  palladium- 
base  alloys,  these  were  all  nickel-base  alloys  having  brazing 
temperatures  In  the  I8OO  to  2275  F  range.  The  nickel-base 
brazing  alloys  contain  various  combinations  of  chromium,  man¬ 
ganese,  silicon,  boron,  iron,  or  molybdenum.  The  purpose  of 
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these  additions  Is  to  lower  the  melting  point  of  the  nickel, 
improve  oxidation  resistance,  and  lessen  the  tendency  to 
solution  attack  on  the  base  metal o  All  but  one  of  the  nickel- 
base  brazing  alloys  were  In  the  form  of  a  fine  powder.  These 
cannot  be  obtained  as  foil. 

It  was  observed  that  many  of  the  brazed  Joints  were  quite  brittle. 
In  the  extreme  cases,  this  condition  precluded  testing  for 
strength.  Metallographic  examination  revealed  two  causes  of 
brittleness,  other  than  the  brazing  alloy  itself.  Some  speci¬ 
mens  appeared  clean  but  exhibited  cracks  in  the  brazing  alloy. 
These  were  attributed  in  some  cases  to  brittle  intermetalllcs 
formed  with  the  base  metal  during  brazing.  Other  specimens 
contained  excessive  inclusions  within  the  brazing  alloy.  These 
usually  appeared  as  an  almost  continuous  line  in  the  braze 
metal  next  to  the  parent  metal.  Variations  in  shear  strenr-tn 
and  in  brittle  behavior  found  in  some  of  the  brazing  alloy?; 
were  probably  due  to  this  cause.  Further  work  may  climinitc 
the  low  strength  Joints  caused  by  the  inclusions. 

It  was  found  that,  unlike  the  silver-base  brazing  alloys,  t.'O 
nickel-base  and  palladlvun-base  brazing  alloys  attack  the  bate 
metals  to  varying  degrees  at  the  brazing  temperature.  The 
degree  of  attack  depends  upon  both  the  temperature  reached 
above  the  melting  point  of  the  brazing  alloy  and  the  time  th;it 
the  base  metal  Is  In  contact  with  the  molten  brazing  alloy. 

For  this  reason,  the  brazing  operations  were  conducted  on  a 
comparative  basis,  A  brazing  cycle  of  10  minutes  at  tne  bracla 
temperature  was  maintained  for  all  the  alloys,  simulating  c- 
practical  production  brazing  cycle. 

The  screening  tests  perfonaed  by  brazing  the  base  metals  -iith 
the  various  bx’azlng  alloys  eliminated  a  majority  of  the  Istt-r 
from  further  consideration.  This  was  due  chiefly  to  cit.her 
poor  quality  of  braze,  poor  salt-spray  corrosion  resistance, 
or  excessive  solution  attack  of  the  base  metals. 

The  iron-base  12^  chromium  alloy,  422  M,  brazed  better  with  the 
hlgh-temperatwe  brazing  alloys  than  the  other  base  metals. 

Wetting  was  generally  good  without  flux.  Brazing  was  difficult 
with  the  four  nickel-base  parent  alloys,  all  of  which  contained 
considerable  aluminum  and  titanium.  The  use  of  a  mild  flux, 
sodium  tetraborate,  improved  the  wetting  characteristics  of  tnc 
brazing  alloys  on  this  group  of  metals.  Of  the  alloys  testea, 
Udlmet  500  and  Inconel  700  appear  to  be  the  most  difficult  to 
braze.  These  alloys  form  a  dark  tenacious  surface  film,  even 
when  brazed  in  the  presence  of  the  other  alloys  which  had  a 
bright  metallic  surface  after  brazing. 
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The  Iron-base  martensitic  alloy,  422  M,  was  fovind  to  give  the 
best  results  when  brazed  with  the  Coast  alloy  4271E,  having 
shear  strengths  of  from  59^530  to  72,980  psi.  This  base  alloy 
was  susceptible  to  crevice  corrosion  when  brazed  with  many  of 
the  hlgh-temperature  brazing  alloys. 

No  high  temperature  brazing  alloy  was  found  that  satisfactorily 
brazed  PH  15-7  Mo  stainless  steel.  The  brazing  characteristics 
were  either  poor  or  the  Joint  was  susceptible  to  crevice 
corrosion. 


The  nickel-base  alley.  Inconel  700,  brazed  best  with  Coast 
427IE  and  the  sodium  tetraborate  flux,  giving  shear  strengths 
of  up  to  57j410  psi.,  Udimet  500  brazed  best  with  Solabraz  IXl 
and  the  sodium  tetraborate  flux,  with  shear  strengths  of  up  to 
52,380  psl.  Hlgh-temperature  brazed  Joints  on  both  metals 
appear  to  be  generally  poor  because  of  Inclusions.  Better 
techniques  may  lmpro\'e  the  brazing  characteristics  of  both 
metals.  M  252  and  GE  I610  brazed  best  with  the  General  Electric 
alloy  J  8205  and  the  sodium  tetraborate  flux.  Shear  strength 
values  of  50,530  psi  were  obtained  on  the  M  252  and  43,930  pel 
on  tne  GE  I6IO. 


The  photomicrographs.  Figures  6  through  9,  show  the  Joints  ob¬ 
tained  when  the  fear  nickel-base  metals  were  brazed  with  the 
brazing  alloys  which  gave  tne  best  results. 


Figure  10  shows  422  fl  brazed  with  the  Nlcrobraz  50  organic 
bonded  foil.  Alt.cough  poor  braze  results  were  obtained,  the 
metailog-rapnic  examination  led  to  the  belief  that  v;ithout  the 


or.^^anic  binder,  h'icrobraz 


50  may  give  good  results  on  the 


nickel-base  alloys. 


Flgirre  11  shows  M  232  braze.!  with  a  2’+^  palladiiOT, 
nickel,  O.'Uf?  chro^ie  and  10)'  silicon  brazing  alloy, 
with  a  snear  otrengtn  of  39,2CC  psi,  snows  much  let 
on  cne  base  metal  than  tne  .stronger  brazing  alloys, 
bo  included  in  any  fviture  invostlgatlons. 


The  braze, 
att.ack 
and  should 


Figure  12  shovv-s  GE  IblC  orazed  with  J  8100.  Tne  latter  alloy 
did  net  br-aze  well  and  gave  a  low  r.tr*engtr.  value,  but  tne 
metallograpnic  appearance  .reggests  that  ftirther  lnve.?cigatlon 
with  raodlfied  brazing  techniques  is  warranted. 

Metals  Having  good  strength  properties  in  the  temperature  range 
of  1000  ?  to  loOO  F  are  difflcolt  to  braze  with  tne  fiigh  raelting 
point  nickel-basc  and  palladium-base  brazing  alloys  witnout  a 
flux. 
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The  nlckel-bar>e  parent  mst.ils  whlcii  showed  the  best  strength 
values  at  high  temperatures  contain  titanium  and  aluminum  in 
amounts  to  of  eacn.  Tne  oxides  formed  by  tnese  additions 
are  very  difficult  to  remove  and  Interfere  with  wetting.  When 
brazed  with  a  sodium  tetraborate  fliuc,  some  of  the  brazing 
alloy-base  metal  combinations  exhibited  very  good  room-tem- 
perature  shear  strength,  along  with  other  properties  favorable 
to  the  production  of  brazed  structures. 

In  general,  the  nickel-base  brazing  alloys  give  better  results 
than  the  palladium-base  alleys.  The  chief  drawbacks  to  the 
use  of  most  of  the  nickel-base  brazing  alloys  was  their  powdered 
condition,  the  brittle  nature  of  the  brazed  Joints,  and  the 
tendency  to  dissolve  and  penetrate  the  parent  metals.  Some 
of  these  disadvantages  will  probably  be  lessened  through 
development  of  an  effective  Inorganic  or  metallic  binder 
for  the  powdered  alloys  and  Improved  brazing  technlqxies. 

The  full  extent  of  the  effect  of  the  brazing  characteristics 
of  the  more  promising  high -temperature  brazing  alloys  on  light 
weight  brazed  structures  must  awslt  t.he  availability  of  the 
metals  in  thin  gages. 


CONCLUSIONS : 


The  most  promising  brazing  alloy-base  metal  combinations  in¬ 
vestigated  for  use  at  1000  F  and  higher  temperatures  are 
listed  below.  These  appear  to  merit  further  investigation. 


Base  Metal 
PH  15-7  Ho 
422  M 


Brazing  Alloy 

£4Pd,  56.2N1,  P.SCr,  1031 

Coast  427 IE 
J  6102 

24pd,  3C.2N1,  9o6Cr,  iOSl 


Udlmet  5C0 


Solabraz  IXl 

24Fd,  5u.2Ni,  9.6Cr,  1031 
J  6102 


Inconel  JOG 


Coast  4271ii 


M 


J  8205 

24Pd,  56.2N1,  9.8Cr,  1031 
J  8101 


GE  1610  (Rene  4l)  J  8205 

J  8101 
J  8100 
Solabraz  1X1 


UTILITY  IIK>RT  SHir 


REFERENCES 


F.  M.  Miller  et  al.,  "Development  of  Brazing  Alloys  for 
Joining  Heat-Resistant  Alloys,"  WADC  'r'R-55-213>  July  1955^ 
66  pp. 

W.  E.  Russell  k  J.  P.  Wlsner,  "An  Investigation  of  High- 
Temperature  Vacuvun  and  Hydrogen  Furnace  Brazing,"  NACA 
TTJ-3932,  March  1957. 

E.  G.  Huschke,  Jr.  &  G.  3.  Hoppln,  III,  "High-Temperature 
Vacuum  Brazing  of  Jet  Engine  Materials,"  Welding  Journal, 
Vol.  37 >  No.  5,  1958,  pp.  233s  -  2403. 

L.  P.  Jahnke  &  R.  G.  Frank,  "High-Temperature  Metallurgy 
Today,"  Metal  Progress,  Vol.  74,  No.  6,  1958,  pp.  86-91. 


UTILITY  IWOIT  SHir 


PW  I072X.I.II 


Bimf 

ilBilliiliiiiili 

HHPMH 


<0  ^<0 


mwm 


HBSSHaaBHiiiiEiin 


1 1 
ij  ^ 


laaiaiiaaaiffiiaMiii 


M/A 


C  0  N  V  A  i  R 

A  MVniON  or  OINMM  MNAMKt  COVOIATION 

(rORT  WORIN) 


won 


H o nave om 6  Cora, 

On  <p  Ca  //  ^ 

Saran  C'a/Zj'  ^onja- 

r  ^  - - 


3r<^a  t4//oy 
/n  Cfn  a  c/ 


/nO 

Ca// 


jy?<Te/mc!>n  fhr-  /^/onv ,  ^nc/ 

/“ ///a  /  /n^  J^/of  c// a  j- 


r'^r 


/  Mam  Jba  r  - 


-  S  ft  j» 


F/Mcvr-^  €. 


/3r^jae/  Taa  J~/Oae/ man  ^or  Ma /t^r/Zo^reryo/h^ 
AneZ  Oxfc/e^Z/on  Z?aj'/j’  Aernaa  y'/c/c//aj‘ 


UTIUrr  MfOIT  SHIP 


C  0  N  V  A  I  R 

A  MVNMN  or  OWHAl  WNAMK*  COWOIATION 


7^c  /r 


.  O O/S "  C /arsrrdF/7Cff 


3, 

J^/^rarn^/A  crc  /m  ^  r7  /?tffcsrc/^  ^or~ 

3  reP^/n 


'  L  <^/7 ^  //l 


i'/riWe  4^///ee/- 
j~/o  /  ^o//)  y/'c/^x 


wy^3/>7  / 


/3r~«f7^c3  3A)^ei9r‘  J"/  tm 

A  / n^c/  To  7<^ ^ / i^<T  A,  TUX  X^^c. 


UTiinv  RiraiT  SHir 


OfmtmtM  4 
PWf  W73-«-S4 


t 


W7a.4^  ■ 


C  0  N  V  A  I  R 

A  DIVISION  OF  GENERAL  DYNAMICS  CORPORATION 

(FORT  WORTH) 


C  0  N  V  A  I  R 

A  DIVISION  Of  GJKIfA;  rHAMICi  COUTOHATION 

(fosr  WORTH) 


MWRT  N 
DA 


A  i  R 


.  :aamcs  corporation 


FOH5  woKrrt) 


REPORT  NO 
MODEUtll 


■ 


.y  .  '  q. 'V  '  '7 

I  •• 


:,lec  oroll  tic 


,;  :;:;2  oraze-i  wlti.  J  b205  brazing  alio 


?  i  o:ur. 


AvaiiOblO  C 


c  0  N  V  A  I  R 

A  DIVISION  0»  GENERAL  DYNAMICS  CORRORATION 

(FORT  WORTH) 


=• 

sSai'S^Ms'Sf  " 


FA6E_« 

kEPORT 


KSil 


7A  i  .j  «  •  ,  •.  •  ,  ,  ■  *  w 

ikj  \  ■  •  •'■• 

5>  { ,  J.  -  . 

C’r  *• 


b-  •  '  o  Y  .. 


.%  •!  ■'  ■<:-.  ■;  ■  s’:."-'"'  •  ■•'••.'.  ■  ■  '’  ■••■  o 


Mag .  2 5 ox 


E^ectrolltlc  Oxalic  Acid 


GE  l6l0  (Rene  4l)  brazed  with  J  8205  brazing  alloy 


Figure  9 
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422  M  brazed  with  Nlcrobraz  50  brazing  alloy 
Impregnated  with  an  organic  binder. 


Figure  10 
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M  252  brazed  wltii  24o palladium,  >u,2,;'  aio^el, 
9.8^  cnromiiim,  105^  silic  on  brazing  alloy. 


Figure  11 
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Figure  12 
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